Structural magnetic resonance imaging (MRI) studies of the human brain have reported evidence for sexual dimorphism. In addition to sex differences in overall cerebral volume, differences in the proportion of gray matter (GM) to white matter (WM) volume have been observed, particularly in the parietal lobe. To our knowledge there have been no studies examining the relationship between the sex differences in parietal lobe structure and function. The parietal lobe is thought to be involved in spatial ability, and particularly involved in mental rotation. The purpose of this study is to examine whether sex differences in parietal lobe structure are present, and if present to relate these differences to performance on the mental rotations test (MRT). We found that women had proportionately greater gray matter volume in the parietal lobe compared to men, and this morphologic difference was disadvantageous for women in terms of performance on the MRT. In contrast, we found that men compared to women had proportionately greater parietal lobe surface area, and this morphologic difference was associated with a performance advantage for men on mental rotation. These findings support the possibility that the sexual dimorphism in the structure of the parietal lobe is a neurobiological substrate for the sex difference in performance on the mental rotations test.
Introduction
Significant sex differences in the morphology of the human brain have been reported in multiple studies. Males have larger brains even after eliminating differences in body size (Marshall, 1892; Nopoulos, Flaum, O'Leary, & Andreasen, 2000; Raz et al., 2004; Sowell et al., 2006) . In addition to the difference in size, there is evidence for sex differences in tissue proportions, with studies showing that women have proportionally greater gray matter (GM) volume than white matter (WM) volume compared to men (Goldstein et al., 2001; Gur et al., 1999; Luders et al., 2005) . As a corollary to these studies evaluating volumes of tissue, imaging methods that map cortical thickness show increased cortical depth in women (Im et al., 2006; Luders et al., 2006; Sowell et al., 2006) . A convergence of studies suggests that the proportional increase in gray matter in women is regionally specific to the parietal and posterior temporal lobes (Im et al., 2006; Luders et al., 2006; Nopoulos, Flaum, O'Leary, & Andreasen, 2000; Schlaepfer et al., 1995; Sowell et al., 2006) .
The parietal lobes are thought to play an important role in spatial processing in general, and mental rotation specifically (Culham & Kanwisher, 2001; Jagaroo, 2004; Save & Poucet, 2000) . Mental rotation is the act of imagining an object turning in space (Corballis, 1997), be it two-dimensional images such as alphanumeric objects rotating around a central axis or three-dimensional objects being manipulated in terms of pitch, yaw, and roll. A variety of functional imaging studies using PET (e.g., Alivisatos & Petrides, 1997), EEG (e.g., Roberts & Bell, 2000) , and fMRI (e.g., Seurnick, Vingerhoets, de Lange, & Achten, 2004) have shown parietal lobe activation during mental rotation tasks. For example, as task demands are increased in a mental rotation task, activity in the superior parietal lobule increases (Tagaris et al., 1996) . Lesion studies point to parietal involvement in spatial ability (see Corballis, 1997 , for a review). Specifically, parietal lobe lesions result in deficits in mental rotation, which is in line with a broader role of the parietal lobe for spatial processing and neglect syndromes. It has been suggested that the right hemisphere may be dominant for mental rotation (e.g., Ditunno & Mann, 1990) , however, left parietal involvement may increase with mental rotation difficulty (e.g., Mehta, Newcombe, & Damasio, 1987) .
In addition to possible hemispheric differences in mental rotation, gender differences on spatial tasks have been reported. In these reports, men excel relative to women, particularly on tasks involving mental rotation (Collins & Kimura, 1997; Delgado & Prieto, 1996) . Meta-analyses have demonstrated consistent sex differences in mental rotation performance (Linn & Petersen, 1985; Voyer, Voyer, & Bryden, 1995 
